MUTAGENESIS AND REPARATION
Historically, the mutagenic effect of 8 oxo dG was discovered first. In 1987, Nature published the paper reporting that Klenow's polymerase, while reading 8 oxo dG, paired it with the adenine instead of the cytosine. This led to the substitution of the G:C pair by the A:T pair in the next cycles of replication with all the following consequences for the structure and func tion of the coded RNA and the protein [1] . Later, in 2005, the ability of 8 oxo dG to take part in the for mation of DNA protein cross links and, thus, to block the movement of replication, transcription, and reparation enzymes along the DNA helix had been shown [2] .
There are evidences for 8 oxo dG being the cause of the double strand breaks in telomeres that lead to their fragmentations and irreversible shortage. Inter estingly, the UV light induces five times more of the 8 oxo dG in the telomeric region than in the nontelom eric region with analogous length and G bases amount but lacking the specific GGG triplet. The double strand breaks occur due to the function of the 8 oxo dG excision reparation enzyme OGG 1 [3] . Notably, the violation of excision reparation of 8 oxo dG and its accumulation in the DNA induce the tumor cells' resistance to cisplatin and oxaliplatin drugs [4] . The same effect occurs with some genetic diseases charac terized by the elongation of tandem DNA repeats. According to research of Völker and Plum, the forma tion of 8 oxo dG on both sides of the sigma loop that occurs in the tandem repeats region leads to the dou ble strand break made by OGG 1 with extremely high probability; this may be followed by the changes in nucleotide sequence. Usually, extra repeating triplets are added [5] . It was also shown that the strain Pseudomonas aeruginosa deficient for the reparation enzymes becomes resistant to the antibiotic ciproflox acin [6] ; and oxidative stress is a factor that favors the occurrence of ciprofloxacin resistant mutants of P. aeruginosa. Thus, 8 oxo dG reparation is impor tant for prevention of these mutations.
However, is harmful effect of mutagenic action of 8 oxo dG so clear and indisputable? Polymerase from bacteria Termus thermophilis forms exclusively the 8 oxo dG:dC pair [7] . Among human polymerases, polymerase α only inserts adenosine opposite to 8 oxo dG with the frequency 200 higher than cytisine. Polymerases β and η, on the contrary, preferentially insert cytosine (40 times more frequently than adenos ine) [8] . Notably, exactly these polymerases are responsible for the DNA reparation. Therefore, the transversions are not inevitable during 8 oxo dG reading. 8 oxo dG does not block replication or tran scription [8] , and probability of negative consequences after the transversion is considerably lower than after the double strand break. Taking into consideration the small amount of 8 oxo dG formed in DNA, the fre quency of mutations caused by it is relatively small [9] . The removal of one of the side products of oxidative metabolism could not possibly be the only reason for the existence of the particular DNA glycosylase. Probably, 8 oxo dG serves as a marker of DNA dam age that could hardly be revealed in other ways. Indeed, in the in vitro experiments even during the intense oxidative or radiation influence, the probabil ity of 8 oxo dG formation in the canonical G:C pair of the double strand DNA with full quaternary struc ture is negligible. It increases dozens of times after the dissociation of DNA and histones [10] , 16 times for single strand DNA in comparison with double strand one, and it increases 2.5 times for A:G base pair rela tive to canonical G:C pair [11] . This is because the damaged DNA or noncanonical base pair are more available for oxidative attack; e.g., the enzyme Mut Y E. coli implementing the A:G reparation in reality rec ognizes 8 oxo dG:dA pair [12, 13] . Similar enzymes could possibly utilize the same approach, since the mechanism of recognizing the wrong base pairs is still unknown.
It should be noted that further oxidation of 8 oxo dG is also more intensive in single strand DNA regions and noncanonical base pairs (8 oxo dG:dA) when compared to normal ones; this results in the for mation of spiroiminohydantoin and guanidinohydan toin able to stop the procession of polymerases and other enzymes along the double strand helix and effectively attract nucleotide, not base, reparation complexes [14] . Therefore, the following sequence of reparation events could be drawn: in the damaged DNA site, 8 oxo dG is produced with high probabil ity, it is recognized by specific OGG 1 enzyme, and then deleted with the whole damaged region. In case of the delay of the reparation complex, 8 oxo dG would undergo further oxidation and block the tran scription and replication of the damaged region, thus preventing the realization of "faulty" genetic material; 8 oxo dG excised from the DNA would act in a free form in the signal processes in the cell.
8 oxo dG can also directly play a role in the repa ration processes in the DNA chain by substitution of flavin cofactor for the photolyase enzyme, which implements the reparation of thymidine dimers form ing in DNA upon UV irradiation. 8 oxo dG should be in close proximity to cyclobutane pyrimidine dimer. Probably, this role of 8 oxo dG becomes more impor tant in the case of irradiation combined with oxidative stress, when flavin is late to regenerate and 8 oxo dG, on the contrary, appears in this position [15] .
REGULATION OF GENE EXPRESSION
Interestingly, 8 oxo dG reparation could be the way of gene expression regulation. In 2008, Perillo et al. had deciphered the mechanism of estrogen induc ible transcription, where flavin uses oxygen as an acceptor of electrons, leading to the generation of its active forms and their attack to guanosine in the DNA strand. After that, 8 oxo dG is formed; for its repara tion, topoisomerase II is then recruited, and it relaxes the chromatin region with the length sufficient for both proceeding of reparation complex and attaching of the transcription one. This starts the genes' tran scription [16] . In this case, 8 oxo dG is synthesized intentionally.
However, 8 oxo dG was recently discovered to be able to start gene expression by the mere fact of its for mation in the DNA helix. It was shown that the oxida tion of guanosine in G quadruplexes in promoters of proto oncogenes c Kit and c Myc destabilizes the structure of these quadruplexes up to the transforma tion into the duplexes. Normally, G quadruplex is a structure formed by the stack of three G tetrades stabi lized by multiple hydrogen bonds between guanine residues and by π-π electron interactions between tetrades. Transcription of the DNA fragment with such structure is difficult. Therefore, the appearance of 8 oxo dG in such fragments can lead to the activa tion of the expression of corresponding genes. The biological role of this 8 oxo dG dependent activation of promoters of c myc and c kit is still unclear; the same is true for the function of these proto oncogenes in a normal cell [17] .
Recently, the investigations of the effect of 8 oxo dG on the methylation as the most studied way of epi genetic regulation has been started. As was published in 2013-2014, the formation of 8 oxo dG in DNA causes stable decrease of its methylation level. It fits the whole picture, since 8 oxo dG always favors the activation of expression, whether directly or indirectly, while even local methylation decreases gene expres sion. As for the mechanism of this decrease, the direct inhibition of MBD2 domain of methylase DNMT1 by 8 oxoguanosine had been demonstrated; however, it still needs to be scrutinized [18, 19] .
The role of 8 oxo dG in gene expression regulation is poorly investigated. Rare publications, unfortu nately, give no general picture yet.
ANTIOXIDANT AND ANTI INFLAMMATORY ACTION
The excision of 8 oxo dG out of DNA does not limit its role in biochemical processes. Negative feed back effect (when the end product of the chain of bio chemical reactions inhibits certain stages of this chain and, thus, its own overproduction) is spread every where in living organisms. This consistent pattern involves 8 oxo dG also.
It was noted repeatedly during the studies of 8 oxo dG as a biomarker of oxidative damage that, at the first moments of the influence of the stress factor, the con centration of 8 oxo dG in DNA increased and then normalized or even decreased for some period despite the continuous oxidant effect. During this compensa tion period, a few antioxidant and reparative enzymes sharply increased their activity [20, 21] . However, in most cases, it is not clear if 8 oxo dG itself enhances the expression of these enzymes' genes or it is caused by other products of oxidative reactions.
There are regulated processes of free radicals gen eration in living organisms, besides spontaneous ones. One could suggest that signaling role of 8 oxo dG is manifesting fully in such regulated processes. Indeed, though the investigations have been started recently, some proofs of this function are obtained already. Among all known processes in the living organism, the biggest oxidative stress is caused by immune system. Local concentration of free radicals of oxygen and nitrogen produced by multiple "oxidative bursts" could be compared with that of irradiation or of the artificial treatment of the cells with hydrogen perox ide. The immune system utilizes such amount of free radicals for targeted destruction of bacterial cells and its own cells infected with virus or mutant cells. Nor mal tissues are often affected during these processes; the full range of inflammatory reactions, such as necrosis, edema, infiltration, pain, and temperature, could be observed. The immune system could some times make "mistakes" and cause allergic, autoim mune, and septic reactions; it could have more seri ous, even lethal, consequences. All these processes are accompanied by active oxidation, including DNA; thus, 8 oxo dG can possibly regulate them by feed back rule through signaling of the considerable DNA damage in normal cells, and, therefore, indicating the need to stop the immune reaction. That is to say, 8 oxo dG can be expected to exercise anti inflamma tory and antiallergic actions, and relieve patients with autoimmune diseases. The investigations of 2006-2014 had met these expectations. Exogenic 8 oxo dG had been shown to inhibit the production of active forms of oxygen and inflamma tory cytokines by macrophages and neutrophils. The precise mechanism of this influence is still unknown; however, the decrease of the activity of NADPH oxi dase, inhibition of RAC associated functions, limita tion of phosphorylation of STAT 1 kinase, down reg ulation of transcription of cyclooxygenase 2 and interleukins 1 and 6, and macrophages adhesion factor had been revealed [22 25] . Anti inflammatory effect of 8 oxo dG had been demonstrated on the athero sclerosis and stomach ulcer models [26] .
8 oxo dG had successfully suppressed the symp toms of autoimmune diseases, such as encephalomy elitis and diabetes of II type. Its injection into mice with autoimmune encephalomyelitis led to reduction of the number of mast cells localized in the nerve tissue and to decrease of the expression of some adhesion factors, cytokines, and activation factors in these cells [27] . In case of II type diabetes, the application of 8 oxo dG led to reduction of hyperglycemia indexes and liver fat dystrophy [28] . Antiallergenic effect of 8 oxo dG was demonstrated on the mice with the ovalbumin allergy. Getting a drink with 8 oxo dG inhibited hyperreactivity of respiratory tract and diminished symptoms of allergic bronchial asthma [27, 28] . Moreover, high doses of 8 oxo dG (60 mg/kg) had prevented septic death after the injections of bacterial lipopolysaccharides. LPS induced synthesis of nitrous oxide was also blocked [31] .
Investigations of the anti inflammatory action of 8 oxo dG have been started only recently. Concentra tions of 8 oxo dG inducing a pronounced effect are much higher the physiologic ones detected in the cells. There is still a ways to go to get a single and consistent pattern of 8 oxo dG functions in the inflammatory and autoimmune processes. Biochemical formation of oxygen free radicals is not restricted by immune reac tions. Their generation occurs during mitochondrial functions, reactions of microsomal oxidation and deg radation of xenobiotics, and activity of metallopro teins using metals of variable valence as cofactors. Inhibition of mitochondrial respiration is impossible, but all other mentioned processes could be regulated by feedback loop. Indeed, in the culture of epithelial cells of nude mice, the inhibition of some matrix met alloproteases by 8 oxo dG had been demonstrated. A few of the group of MAPK (mitogen activated protein kinase) kinases were also inhibited; the decrease of concentration of active oxygen form in comparison with control cells was observed as well. External appli cation of 8 oxo dG prevents UV induced skin reac tion in nude mice [32] .
Thus, the results of recent investigations demon strated that 8 oxo dG plays an important role in the regulation of inflammatory and oxidative processes in the organism. Probably, it could be applied as a treat ment for allergic, autoimmune and inflammatory dis eases. However, this field is mainly uninvestigated; mechanisms of regulation, other participants of sig naling cascades, quantitative relationships, and possi ble side effects are still unclear.
